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ABSTRACT 
i 
.f.fa ted and unmated female European corn borers raised 
in tie laboratory were sacrificed and arbitrarily placed 
into two groups. The abdomens from one group were dis­
sected and observed in saline. The abdomens from the 
second group w·ere fixed, et:lbedded in paraffin., and sec­
tioned on a microtome. Through the use of serial sec-
tion slides and serial morphology tne path n by 
sperm through the various ducts in tae female reproduc� 
tive tract was delinea�ed. A possible ti8e sequence is 
established for sperm passage between ternination of 
copulation and arrival of er� in the spermat ca. 
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I INTRODUC·TION 
The European corn borer is a small ootn (body 
under 1.5 c�.) belonging to the fa�ily ?yralidae. Introduced 
into the United States in tne early part of t1rre til 
century, it has become one of the malar agricultural pests 
in the large corn growing areas o.f the United s and 
Canada, infesting the stalks of corn plants� 
ctive te:r: 
l 
The terminology of t:;.e lepidopteran r 
varies slightly according to each author 
For the s of uniformity in naming the r 
ecies studied. 
ducti ve struc-
tures, the teruinology used by Drecktrah 
is used in this communication. 
In describing reproductive sys m 
European corn b orer the term ditrysian is us 
separate openings into t�e abdo�en ( 
the osteum bursa, is located ventrally 
1,2) .. One 
dominal segoe�t. During mating, the osteuu 
the male copulatory organ or endophallus. 
the oviporus, serves as t�1e orifice tnrough 
during oviposition, it is located 
opening on the fused ninth and tenth abd 
The bursa copulatrix, a sack-1 s 
the osteum bursa. It eonsists of taree es 
the lo ductus bursa which leads to b) 
or actual sack and c) the bursal gland or 
c �L s �J. t t .:::. c n e d to t corpu bursa. 
s 
e 
c 1 
( 
ab-
s 
at 
rts: a) 
a 
sper�a hare is deposited by the oale into the co 
t a copulatrix. 
The inal region arises froQ the oviporus ( 
Secretions from the reservoir of the accessory 
this area. Moving cephalad along this same 
seminal duct and the duct leading to tae spe ca 
at the margin of the vaginal region. The seminal duct 
' 
2 
1,2) .. 
enter 
join 
2 ) $ ventrally and the sper�athecal duct enters d 
Im�ediately following the juncture of tne fo 
structures, the passage�ay is now termed the med 
This branche s  into the lateral oviducts which rise to 
two polytrophic ovaries. Each ovary consists of 
vidual ovaries (Fig. 1). 
In mated fe�ales, as has been mentioned, 
copula trix contains a sperns tophore ( .. 3).. 1s 
ally understood ·that, in those insects empl 
phore, the sperm are deposited within this s 
copulation. ter the transfer of tne sper�atophore 
male, the erm migrate to the spermatheca where are 
stored (Chap�an 1969). 
The object of this communication is to des 
route of migration followed by the sper� as they s 
t�e suer tophore to the spermatheca. A ti�e 
these events s been formul�ted. 
II LITEaATURE REVIi� 
Rese rch concerning reproduction in insects s 
established before 1900. �ost of tQe authors were 
and their principal interest concerned the 
reproductive syste�s. 
3 
Drecktrah and Brindley (1967) indicate that le tr.�.e 
reproductive systems of numerous lep�dopterous 
been studied, it was not until its introduction 
es 
United Sts_tes that tne .European corn borer 
of much research. In a coe1prehensive review of 
tributions to corn borer research since 1917, 
Dicke (1963) show how this insect has s t s 
the field of agriculture. Very little infor 
published on the reproductive organs of 
author has found no specific reference to 
in the European corn borer. 
s .. 
erm 
While the morphology of insect reproduc ve s 
varies according to the individual species, 
similarities. In a general survey concerning 
s 
tne 
spermatozoan transport, analogous organs 
processes can be found in �ost ect re 
Tayl or (1967) quotes from unpublished 
preliminary studies indicate that there are d erences 
mating behavior, sper�na.topx1ores, sper:n 
fertilization, and o position in lepido 
a on variations ms. 
er s 
:Jn 
con-
on 
se 
as cnul ti e T.a tlngs.. The r;;product s 
found �oat insects and are associated cess-
of sper�n pas are the bursa copulatrix, s 
com·:;.on oviduct, spermathecal duct, and 
Among the e er authors \·rho discuss the 
and/or �acroscopic anato�y of the inte 
lepidoptera are Peterson (1901), Norris ( 
:Teidner (1935), ..:�Iusgrave (1937), and Willia:ns 
more recent researchers in this field includ� 
(1958), Callahan and Chapin {1960)t Callahan 
(1963), Drecktrah and Brindley (1967), Tedders 
(1967), Davis (1968), and Outra� (1971). 
to describe the internal reproductive systems 
eros 
ia 
cio 
us 
varies according to each author. Subs 
confusion concerning the actual na:nes o:f 
iS some 
these syste:ns. Various texts have been writ are 
helpful in standardizing, to some degree, tt1e Ra:n.es of 
structures which are found in the genitalia of cts. 
such text has been edited by Tuxin (1970) .. 
In majo ty of insects the sper� 
are depos ed in the bursa copulatrix of 
ertna tophore structure varies in dif 
it consists of two parts: a) a co 
w hi c h contains the s per :n and b } the co ...... ... """ . ..,. 
tub ct t s co ( 
are 
) ' 
5 
(Fig.. 3). ter copulation t�1e corpus of t::�e is 
the ductus bursa. In the Corn earworm (Heliothis) the 
ible collu� is formed in the oale. It is deposited 
bursa during copulation, and then it is filled wi 
fluid. During this ti�ne the tip expands into 
(Callahan 1958). The author conjectures that 
collu� hardens in the presence of oxidiz 
come from the cervix bursa. In describing the of 
the spermatophore in Rhodnius, Davey (1959) 
the spermatophore is composed of a mucoprot 
mucopolysaccharide which is secreted by t 
accessory glands of the male copulatory to 
a change in p 5  from neutrality to 5.5. This is 
brought about by another secretion from the bul 
toris of the male. The entry of the tr 
into the spermatophore sac causes the eve 
";,rhich acts as a :nold for the sper�a tophore .. :3 S 
have indicated that in some insects �rhich u 
spermatophore as a means of inseminationt er.n 
absent from the er�atophore or are depos d 
spermatophore. In the Oriental fruit moth 
) �ales were capable of inse�inating fe 
sper�atophores (George, J.A. and s 
study the authors found that the fer of a re 
�rras not .re d oduce a ti 
a s on the tr2nsfer of err!l t 
t2S do not ways transfer sper2 
hol'rever, n sperm are transferred, they u 
spe ca. Irradiated males did not 
sper�atheca of the fecrale. The authors 
irradiation prevented the males fron in 
the spermatophore. Similar effects of 
the incorporation of sper� in the sp 
corded in the European corn borer (:R.aun, et al., 
(1967) states that multiple xatings in the 
borer can be determined by counting the e 
bursa copulatrix. ring and i·i2.dsin ( 1 
ary effect on the re tivity and mat 
e codling moth. The presence of a sp 
decrease the female's response to the 
that these moths were capable of mating 
af r emergence. Spermatophores were found 
24 hours before oviposition. 
has been indicated, muscul<J.r 
re ce s the erm pa or 
stru sa copula "<T .{),.. in 
) 
op 
..�..,..., !..tv des bed in the European corn borer 
Brindley (1967) .. Peterson ( 
b bursa co x in cer 
) describes 
spec s 1 
6 
ceo 
t nor-
ue . ' 
move to 
t the 
at on 
re-
) . scho 
corn 
s 
st 
a 
of fe-
t 
12-
ar 
e 
he c 
op 
A. detailed scription of the sundry species of the e,::in 
corn borer and a brief comparison of 
and external genitalia of each species is 
et al. (1970)c In a brief description 
a 
e 
reproductive systems in the Southwestern corn borer, Davis 
' 
(1968) notes that the corpus bursa lacks the ch is 
found in other insects. Instead the cervix 
horseshoe-shaped sclerite that may help to 
intromittent organ during copulation. 
a 
the 
a 
e 
e 
It has been suggested �hat tne 
insects is not generally affected 
ion of in 
the 
ects are act of lnse�ination, and that most f 
vided with a structure in which the are s d 
the ti�e of fertilization (Sno ss 
sperm rr1ust be transported from the sp 
storage sack or spernatheca. Hewer ( ) 
) $ 
cellent description of the passage of sperm 
process of sperm s from speroatoph8re 
taculum se�inalis (spermatheca) takes 
hours after copulation has com�enced. 
muscles of the bursa are instru::J.ental 
the spereia tophore, thus oil t 
o from the corpus of tne spe 
bursa. �ovement of sperm ong the ductus 
a combination of their ovm ::Eove:nen ts 
ctions sa., sper:n r 
is y are sporte to t{:e 
to 
given an e x-
the recep-
that the 
t:::e 
ctus 
sa seej1S to be 
con-
se 
e 
7 
c co cord 
ently su re into tr1e re 
acts as a s area for active sperm susp 
ular secre ons .. 
In two papers related to factors 
ferti ty, Norris (1932,1933) describes, 
male and fe�ale reproductive syste�s in 
After the erm have been deposited, they 
sper�atopaore to tne receptaculum. This move 
be r d principally by muscular 
ducts through which they s. Spern are act 
of co tion and their es e fro:n r 
like 's observations on Zygen� (1934), 
horns the ne cl-c n .. does not believe the 
( s r:a., which is usually a toothed, d 
scl tized re on of the lu�en of the 
er 
in rupturing the ermatophore. The er:11 move 
ductus bursa to s .. 
duct a non�muscular portion, the bulla s 
a suction moving the sperm along 
the re culum. scular contr�ctions 
see:-n to act as a suction ap::;aratus thu:3 
to itse • The pas of sperm 
Sp9 s from 12-24 hours. In the 
( position period is 
h8urs ( r 3). �{aile the 
8 
e 
s 
e 
ct 
the 
aeems to 
s 
t 
un-
} 
s 
as 
} sperm reach t£18 2T:'ilUt c_.c 
after .4- n.:ltion of cooul tion ( lt th 1 \., 
Weidner (1935) corroborates Hewer's and �orris 1s re 
in th:_it he 8.ttributes sperr:t -� 2 to rrus 
the genit ducts. rie also states that t�P 
way into the receptaculum by a positive ohe2o 
(1963) has sugsested that mu s cular contractions 
inal duct trans port sperm from the region of 
phore collum to the vestibule in the 
By using both serial morphology and histolo 
Callahan and Cascio (1963) were able to 
of the sper�atophore and passage of e:r:n 
(rleliothis). According to their obs ons 
ready in the process of leaving the spar to 
utes after the termination of copulation. 
the erm are seen in the se�inal duct. A few 
migrated to the duct of the sper�atheca. 
three hours m6st of the sper:n seemed to 
the spermatheca. By the eleventh hour 
had left the sper:natophore .. �v:ale accessory 
appear to act both as a mediu� for sperm 
source of sti�aulation to the lnu.scles of t�1e f 
ive ducts. It i s  s es�dd that contractions 
and the move�ent of snerm t�ems ves a 
tlon .. 
Unl se duct 
9 
) "' 
sr:::1ato-
s, 
on 
e'!:lrwor 
s 
a 
s 
ir 
Tedders (1967) and Outram (1971) have noted the presence of 
a sack-11ke structure, the bulla seminalis, in the Hickory 
shuck1-rorm (Lacpeyresia) and the Spruce budv;orm ( Choristo­
neura). �mile he states that the function of the bulla and 
its secretion is not fully known, Outram has no ted that it 
contains a yellowish fluid. This fluid is present after ma­
ting, and it res e mbles the secretion found in the posterior 
portion of the pri�ary ductus ejaculator�us simplex of the 
male (Outram 1970). Aside from the presence of the bulla 
seminalis, the reproductive systems of the Spruce budworm 
and Hickory shuckworm are essentially the same as in other 
lepidopteran species. 
Among the non-lepidopterous species of insects K.G. 
10 
Davey has done a considerable amount of research on Rhodnius. 
By killing the females at set intervals after copulation and 
sectioning the reproductive ducts, it was determined that 
the sperm traye1ed to the sperma theca by �,ray of the lumen 
of the common oviduct and that the sperm arrived at the 
spermatheca 5-10 minutes after copulation (Davey 1958). The 
movement of the sper:n from the bursa to the spermatheca was 
facilitated by �ristaltic contractions of the genital ducts 
in the female. This activity seemed to be initiated by opaque 
secretions from the �ale. Davey (1958) indicated that there 
was no particular orientation of tne sperm in the oviduct or 
the spermatheca during transmission. 
Sperm transmission in the d bug { ) was -----
ll 
studied by direct observation$ dissection, and serial sec­
tions (Davis 1964). The bed bug exhibits a more pri�itive 
form of insemination (hemocoelic intro�lssion) in which the 
sper� are deposited by the �ale into a receptacle (t�e sperm­
alege) located on the ventral side of the female's abdomen. 
the sperm migrate through the he�ocoel to tae reproductive 
tract �ihere they fertilize the eggs. Whe.n the spar� become 
active they aggregate to form masses. The cohesive and ad-
hesive properties of sperm aid in their gation and 
migration in the hemocoel. Rao and Davis (1969) discuss the 
activation and migration of sperm in Oimbi cidae. The causes 
of immobility in the seminal vesicles of the seem to be 
contingent on oxygen tension and availability of carbohy­
drate substrates. Low oxygen tension and a lack of substrates 
inhibited the activity of sperm. Other factors such as pH 
(from 6.8 to 7.2 in the hemocoel and se nal fluid ) and 
cro1;,1ding did not affect the immobility. Therefore, chemica.l 
agents along with an increased oxygen gradient in the hemo­
coel i c  fluids of the female appear to play a functional role 
in sperm activity and migration. In the mealy bug ( Pseudo­
coccus ) no spermatophore is employed in insemination, but 
the uale deposits erm bundles directly into the com�on 
ovidttct (1:Jur 1962) .. 1'Ji thin t�vo minutes after the beginning 
of copulation, most sperm bundles we�e found in the sperma­
theca� The author used serial sections to determine the loca-
tion of t sners:1 ct. is of the 
secretions revealed that thin hours ter 
of the s e ed fro the soermatheca t the ovar-
june e fertilization of e could 
chards (1963) and Hughes and ( 
sper� activity in cockroach .. Ace to 
activity exhibited by sper� is a function of 
Li heart rate, oxygen consucrption, and ce 
s 
the 
sperm ivity incraases with an increase rature. 
The av eed of erm :nE1ing 
tion d from 16 �icrons per second 15-16 
crons per second at 37- m.es var 
the speed of individual sperm d 8 .. 5 
second at 15 °0 to 90-107 crons r 
Gold ctivation sperm occurs at a 
than ctivation of heart beat or 
activity. 
Hughes and Davey have found that sperrna oa 
a change ter inseminatioh. Two factors seem 
ize this change: a) an increase in the 
acious sack around acro some, 
reve d that sperm are found in the sp ca 
haurs af r copul tion� The lncreas in spe:rm 
pears to be a rather c ex pheno:nenon ch ls 
nt on presence a s ion nutr 
5) ve a de e hol 
in 
and histological description of the r u 
the female ant ( Solenonsis) .. �vlany 
structures in the Fire ant have their counts 
corn borer - bursa copulatrix, vagina, spe 
and ovaries .. In elucidating the nature �f sperm 
the Fire ant, Thompson and Blu� (1967} suggest t 
move under their own power by a spinning mot n 
ve 
in 
galla. :viovement in saline is approxi:na tely 5. 5 crons per 
second. The authors think that modified 
tate energy release for locomotion. 
In com'<Ienting about the mechanism of r::a 
insects, Wiggleswdrth (1966) states that a 
been ascribed by various authors to pump or 
movements within the female reproductive syste�; or some-
times to active migration by the sperm re e to 
chemical or other stimuli .. Tfhat ever are 
regulate sperm transfer, the actual �echanism is as 
uncertain. 
The spermatheca like the bursa copulatr1x. 
and comson oviduct are of ectodermal ori 
of the spermatheca and the accessory 
mesodermal origin ( Callahan and Cascio 3; }. 
of' 
13 
s 
size, shape, and structure of ca var-
iable in di 
about its s 
rent eats (Snodgrass 
cture, Snodgrass states 
s e but someti�es b abed muscular 
) .. 
i a 
there 
is us a d erti thc.i.t for:ns a 
secretes a fluid 
so�ee of the r dipter::n1 s 
separste soer�athecae (Downes 1968). In 
ons m the spermatheca may possibly 
sper 
re are 
i 
source 
nutriment for the sperm before they leave or 
the ca (Hewer 1932). sgrave (1937) s 
is a cha:nber ·�·lhich stores sper:n until they can 
onto a ting egg. In describ the s 
duct leading from the sper�atheca to corn.:non 
esworth (1966) states t lepidop 
nmain 1ur.1en up �,rhi ch the sperm pass on 
cep , and a very f subsid , or 
substance of the 
for izat:Lon of the e 
de scribe the spermatheca in the Corn e rm as a 
cated COllSlS ng Of a and 
one is led· the utriculus, and the one is t 
The spermathecal duct (ductus receptaculi) as de 
by sworth (1966). The secretion fro 
the Corn earwor is a homogenou 
nee this secretion is found the 
�rtt� ted moths, but not in t11e e:ner moth.s 1 
and c �:;st tl:1e 1 serves as s 
sper:nD. the c gland secretions� sperr..1 are s 
utriculus i ey ) t 
s-. 
e 
enter 
of 
re-
) 
un-
(1970) also describe the bilobed nature of t�e spermatheca. 
In the Spruce budworm the lu�en of the ductus receptaculi 
forms two open canal s ,  but the sper�athecal cha�ber is not 
bilobed (Outram 1971). Even though the function and nature 
of the secretion from the spermathecal gland has not been 
fully established, Outram (1971) quote� Davey (196 ) who 
suggests that it most likely provides an outside source of 
nutriment for stored sperm. In a specific cytological study 
of the spermatheca in Rhodnius, Davey and Webster (1967) 
suggest that a mucoprotein or glycoprotein secreted by the 
lumen provides a source of energy for the �aintenance of 
sperm. 
It is kno�vn that the honeybee and certain ants store 
sperm for several years. In quoting from a paper by M.J. 
Norris, Hunter (1960) states that in the locust it is known 
that the stored snerm can fertilize eggs at least ten weeks 
after the last copulation. 
Aside from sperm storage, a nu8ber of authors suggest 
that the spermatheca �ay also serve to reduce the receptiv­
ity of the female insect to the male. In fe e fruit flies 
(Drosooh_tls:), the preGence of sperm in the spermatheca is 
correlated with a lack of receptivity ( 196 ). Roth 
(1964) also suggests that reduced receptivity in the female 
cockroach (Naunhoeta) may be due to ti1.e pr sence of sner:ns 
in the sper.:nE:.theca. In Rhodnius there is a })Ossibility th::J.t 
<:1 bloo factor fro:n the er�atheca containi sperc:1 
15 
is ri sti s to increased e orodu n in 
f y 1965b) .. 
III s s 
Adult corn borers were raised in t�e 1 bo 
se�l-as cepti c conditions. Adults in 
eggs on wax paper and these were placed 
°C. Upon hatching the larvae were transfe�red 
plastic cups containing sufficent diet for 
rnent. The wheat germ diet that was used was 
Beck, et al. (1968). The la.rvae -v·rere then 
incubator at 30 °0 until pupation, v-rhich oc 
and 17 days after hatchi • The pupae were 
separated on the basis of sex. 
Uuon emergence the adult moths were 
ing for observation. During ·the course 
j e ct three types of cha:J.bers 1-,rere used .. 
of wood and/or wire mesh construction 
plastic covering the sides. The third type 
erous small plastic cups . Each cup conta 
moths. 
·During the first part of the research roj 
ing rs 'ivere kept in a root:l vfi th a mean 
23 °0. Toward the end of the project the 
room was lowered to appro ely 18 °0 
1971) .. 
in 
A r ati ve bumidi ty of bet1fe ::;n 75 
s by p c moist 
17 
d 
d of num-
one 
( 
1 
ir ten to twelve li 
vre re �r=�ter only. 
11inter months, a tir:cted arti 
rd e·.nd of the riment t�e natural 
SUIDl116r ril-July) photop ds were us 
Observations were crada at horirly 
hours of 10:00 P. and 5:00 A .. • Those mo 
�·;ere i. ia ly removed from the 
se container .. Upon 
�ales were sacrificed at various s 
tion to the �e of oviposition and 
rst group of fe s were dissecte 
internal genital organs were observed. 
the orJens were for se c·cioning. 
The n by the sperm was es 
bo serial ::norphol as outlined by 
serial sec oning as described by 
The dissection of adult females for s 
out insect ine .. The 
was recorded during each observation. The 
r C)dU 
observed 
ve organs their contents was 
and 
8 
r being ablated. Virgin 
this 
s e ctioni , a no 
d) "k78 ki1 d and ei t 
0 
se 
( 
) . 
mo 
a 
) 
of 
( 
19 
were f i x e d  or t h e  r e  reductive organs were ablated and n 
fixed. S :J ::1e Her e f i xe d  in Bouin ' s, ot':�ers Carnoy 1 s f i x-
ative. Tissues were allowed t o  re �ain in the fixative f o r  a t  
least 24 hours. The tissues 1-lere then desiccated by placing 
them in a series of alcohol solutions containing smaller 
percentages of water until abs'Jlute alcohol ��re.s u s e d  ( Hu:n­
ason 1962). During this pro cess the y were placed in�a uar­
tial vacuum to re�ove any air fr an the tissues. 
A f t e r  the wat e r  has been reioved, following u r o -
ceedure was e eyed in preparing the tissues for section-
ing: 
1 .  Transfer to uethyl benzoate: 1-3 hours 
2. Benzene: i-1 hour 
3. Ti ssu e :-na t ( 56 0 a ) - benzene (50-50} mixture: 12-24 hours 
4 .  Pure tissue mat #1 : 12-24 hours 
5 .  Pure tis sue�:J.EJ.t //:2 : 12-24 h our s 
6 .  Emb e d  tn tissue�at 
The tissues we r e  secti.oned at a thickness of froc1 7-12 rJ.i­
cron�, mounted on glass slides with albu�in, stained in 
Harris 1 He:natoxylin for one minute, and counterstained wi th 
ei t e o s in or fa s t  green (Humason 1962). Glass cover slips 
were placed o n  t slides using permount. 
ctures we re taken of bo th dissections and slides us-
a ica ca�era adapted for  u s e  wi a light cro -
s c o p e . ce:e t er 'r r:J,S us as an indicstor o f  adequate 
i tion. Tr1e ca��era v';as :counted o n  a o e-contrast 
er o s  e 
bo s e  al 
e n ho t o  
h o l o gy 
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I V  SUL T S  
In unma t e d  adul t f e t r1e  o and u c ts of the 
r e d u c t ive t r a c t  a pp e ar to be f i l l e d  
Thi s  c o n d i t i o n  i s  r e  i l y  appar e nt a s  i t  
t he trans p ar e n t  mu s cu l a r  a n d  e p i t he l ial 
t h e s e  du c t s . The c o rpus bu r s a  and t he app 
a r  
a are 
s o �ne1.;rhat c o nvolut e d .. Up on o p e n i n g  1 ,  
e rrat i c  mus c ular contra c t i o n s  of t he can 
s e en .  The s p e r ma the ca and i t s  a s s o c i a t e d a c c es 
1ve re o bs a rv e d  ·t o c o n t a in a " s l i ghtly u s e cre t 
re s e rvo i r  ( cement and ) ( Figs . 1 , 2 )  a 
flui d . 
Dur i n ,g copulation ("Hhi ch l a s ts be t·we e n one 
the e rm ar e d e p o s i t e d  i n  the bur s a  
the e r:--.a.a tophore ( . 4 : 1 ,  2 ) .  The ac 
s p e rm bu nd l e s  are c onc e n tra t e d  the n e  
s p e rmatop�o r e . a t the j un c ture of the c drp u s  
Be twe e n  s ix and n i ne ho urs aft e r  c o pulat i o n ,  
o b s e rve d t o  b e  a c t ive al ong the l e ng t h  o f  
1 ) ,  and twe e n  e i g ht and one ha lf and 
t e r  co pul a t i on a ive errn. 1pre r e  s e e n 
ture o f  the c o l lu� . nine and one 
we re o b s e rve d in a l l  p ar t s  o f  trie 
4 : 2- 6 ) . 10 to ho ur s t e r  
i,.Je re co n t e d  c t'li'ro r 
o n e  
e r m we r e  
( 
s e  
c -
) 
t i v e  - t he s a  ( 1n t he 
bulk o f  t he a c t  
t e r� r e  o n  whil e only a f e w  we re e s  
From the t i �e c o pul a t i o n had t e rmi nate d  to 
ov i p o s i ti o n  ( appro ly 24 hr s . ) ,  all re-
g i o n s  t he r e p r o du c t i v e  tract ( corpus burs a ,  
s du ct , me an o v i du c t , sp e rma t he oal 
th� ca ) e xhi b i t e d pe s ta l t i c  ( ., 4 ) . s e  
c o n t ra c t i o ns were s tr o ng e s t  and �o r e  p ronoun ce d  
r on s e rm p a s s e d  t ( g .  l� :  
e rm t he s -p  ca ,- mu s e  o r -
gan , i ts as s o  d d u c t , and a c ce s s o ry to 
mo r e  a c t i ve we re s ev e ral ho u r s  4 :  ) . 
Imme d iate ly f ol l 0 1iing the t e  
the c o rp u s  bur s a  and bur s al gl and c 
s e c r e  o n ,  a l t ho ugh i t  i s  
bu r s al g land . A , ge latinou s , granular s e cre on 
f o und in the sp e r�a t o pho r e  c o l lum and can s e e n  
in t he o th e r  s o f  t h e  re o du c ti ve 
s e r  .. a c t i v i ty 
co nv e y  t o  o the r p art s t he r e p r o  v e  tra c t  .. 
vat i o ns e s hou r s  f o ll o w ing t he t e  
e d  t he s e n ee o f  e rm s e c r e  n s  .. 
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e rm in s U S ;J e ns i o n  �re r e  s e e n  i n  the s p e rma the ca .. 
Li g ht m i cr o s c o p y  re v e al e d  t he g e ne r al hi s t o l o g i cal 
c o mp o s i t i o n  of the f o l l o wing r e g i o ns t hr o u gh whi ch t he s p e r� 
p as s  a s  t h e y  �i gra t e  f r o m  the c o rpu s bur s a  t o  the s p e rma­
the ca : 
a ) C o r uu s  bur s a  - The co rpus bur s a  i s s i mi l ar to that de­
s c r i b e d  by Callahan and Ca s c i o  ( 1963 ) in the Co r n  e arworm . 
The ou t e r  mu s cu l ar e nve l o p e surr ound s the e p i the l i a l c e ll s  
of t he c orpus ( Fig . 5 ) .  The cu ti c l e  lini ng t he lumen of the 
c o rpus i s  hi ghly i r r e gul ar . In t he �at e d  f e �a l e  the corpus 
and p a r t  o f  the c o l lum o f  the s p e rma t o phore f i ll t h e  lume n 
o f  t he c o rpus bu r s a . Sub s e que ntly , .the c o r p us bu r s a  l o s e s  
t he f o r e m e n t i o ne d , c o nv o lut e d  s hap e that i s  c hara c t e r i s t i c 
o f  t he unma t e d  adu l t . 
b )  Du c tu s  bursa - The du c tus bur sa i s  s imi lar in s tr u c ture 
to t he c o rpus bur s a  e x c e p t  the IllU S cl e layer c o v e r ing the 
e p i the lium i s ·  l e s s p ro nounce d ( Fig . 6 ) .  
c ) Se minal duct - The s e minal du ct al s o  has a mus cl e  lay e r  
surr ound ing t h e  e p i  t h e l i  urn. . Hu v-1eve r ,  the e p ithe l i um i s  c om­
p r i s e d  o f  hi ghly i rr e gul ar c o lumnar ep i the l i al c ell s ( Fig . 7 ) .  
The cu t i c l e  l ining t h e  lume n i s  thin .. 
d )  Co n1�11o n  o v i du c t  - The �u s cl e and the l i al 6 e l l s  o f  
t h e  c o m� o n  o v idu ct s ho w  l e s s  i r r e gul ar i ty in the over­
o the r ar rang e 8e n t  an d s t ru c tu r e  than d o  t he ce l l s  t 
du c t s . Thi s condi tio n ( . 8 )  i s  f a i rly o r s  e x c ep t  
t r o n  r e  d u. c t c a l  d 
;j o du t s a r s t he re i s  
d i f f e  on .. 
e )  - Unl t he d e s o n  
r e ce -:-:J cul i t h e  Co r n  e a rworu g i v e n  by 
( 19 6 3 ) ' r e  i s  n o  c o mp l e t e d i vi s i o n  o f  t 2e 
a b l e  amoun t of inv o lu t i o n e bi t e d  by 
irre t i e s  in the und e rly i ng ep 
laye rs sur r o und ing e p i the lium ar e v e  .. 9 }  
f )  - The s p e rma the ca i s  a two a s  
d e s  d by and Cas e ( 1963 ) if 
is no t qui te a s  p r on oun ce d a s  i n  t �e C o rn earworm . I t  
n a tu r e  gr adu a l l y narr ows a s  s 
t e  into t he ce l l s  o f  a c c e s s ory t":J.ore 
s a ck- l�ke l agena as l arge o r  ( i n o ne on ) 
t utri culus ( . 10 , 1 1 ) .  Bo th th e 
na e xhi b i t  an out e r  mu s cular l aye r ,  an 
t he l  , and a t hin cu t i  • The s p e rm t to 
e rmathe ca we re c oncentra te d p 
r ,  t hi s  1 o p al e s  ma s s  vra s B o  s e en e x  
f 
KE Y l i GURE S #l 
The f o o vring y ind i ca t e s t he s t ru 
s /1 in t h e  t e xt .. 
A . G .  - a c c e s s o ry g l and 
B . G .  - bu rs al g la nd 
C . B . - c o rpus bur sa 
D . B .  - du c tus bur s a  
L . O .  - l at e ral o vi du c t  
� . o .  - me d i an o vi du c t  
0 ..  - o vary 
O . B _  - o s t e um bur sa 
Ov .. - ovip o ru s  
R .  - r e s ervoir 
s .  - s p e rma the ca 
S . D .  - s e minal du c t  
S .. G .  - s p e rma the cal g l and 
Sg .. - s i gnum 
V ..  - vagina 
s l o n  
C . B  .. 
B .  G • 
.,..... .u .. 
O .. B .. 
Di i c  d o r s al v i e w  o f  t l e  
• B .. 
L .. 0 .  
d. u c tive sys t e m .. 
Fi gure 113 -
a e f o und 
S .. G .  
\ 
l l 
D .  B .  
co rpu s 
s .. 
S . D . V .  
c r e p r e s e n t a t  n of 
c o  
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1 
c r e s  o n  
c t  ( ov�.:.rie  s s p e r  the no t c t 
t e  f o r nu r s e qu e n c s . 
gu re 
r---··- - cu t i cl e  
- Corpu s bur s a  wi th c o llum 
cu t i c l e  
c o  
s e cr e t  n 
s 
o n 
du c t  
du c t  
Figur e - Sp er2a the cal duct 
e - C r o s s s e  
na e �  
on o f  s p e r  
utri culu s 
e w  o f  s p e r �a the ca 
T a b l e #1 - Sp e r m  p a s s age in the r e p r o d u c t ive t r a c t  o f  t ae f e mal e Os tr i ni a  nub i l a l i s . 
T i :r: e  -
E11d c o p . 
n "Y'  
... ... .... .. 
1 hr . 
L� hr s . 
/. ' 
r' ri --r c \.......! J.. .!.. .J... .,..; • 
, .... ) ' b n r s . 
,C< l  (I I" " 
·.,_; :..:: ...., _ J.., � .  
9 C! '-" . 
q l  
.,.,> � s .  
1 0  tJ • 
hr s .  
3 hl.'l r� .  
2 11. hr s . 
S-o ?_r"rrl,�t9�:9J1.QJ'§_ 
C.2.£.PU S  c o l l u m  an e r tu r e  
+ 0 0 
+ 0 0 
+ 0 0 
+ 0 0 
.... ·1- 0 
+ + 0 
+ + + 
+ �� + 
't .... + 
+ it 0 
+ ? 0 
+ ? 0 
p l u s  + ? 0 
_Reprodu ctiv e  Tra c�  
Sp_e_r_��1a the ca 
Seminal 
du c t  Ov i d u c t  u t r i culu s �f1:g_eJ)_§ _ _____ - --.. �---- ---,---
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
4- t- + + 
0 0 + ? 
0 0 + ? 
0 0 + + 
0 0 ·t ? 
V D ISCU S S I ON 
A s  ha s al r e ad y  b e e n  p o ind e d  o u t , nume r o u s  autho r s  have 
i �� l i c a t e d  t he p r o ba bl e  p a t h  t h a t  i s  t ak en b y  s p e rm in t he 
r e p r o d u c t i ve s ys t em o f  the a d u l t  f amal e l e p i d o p t e r an i ns e c t  
a f t e r  i n s e � i na t i on . The r e s u l t ing d a t a , whi c h  we r e  o b t a i n e d  
fr o m  t h i s s t u d y c o n c e rn i n g s p e rm p a s s ag e  i n  t a e  Eu r o p e an 
c o rn b o r e r , sup p o r t s the curr e n t  hyp o th e s i s  c o n c e rn i ng thi s 
p h e n o me n on .. 
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Va r i o u s  au tho r s  have s u g g e s t e d  that in t h e  f o r �a t i o n  o f  
t he s p e � �a t o p h o r e ,  a s p e r�a t o p ho r e  p r e cur s o r  i s  f i r s t f o rm e d  
i n  t he mal e a n d  t h e n  i n j e c t e d  i n t o  the f ema l e  a t  the t i me of 
i n s e m i na t i o n .  Sp e rm bund l e s an d a c c o mp anyin g s e c r e t i o ns ar e 
t h e n  in j e c te d  whi c h  h e lp t o  mo l d  t he s p e rma t o p n o r e  and f i ll 
t h e  lum e n  of t ne b u r s a  c o pu l a t ri x  ( No rr i s  19 32 : ;  Cal l ahan 
1958 ; Cal l ahan and Chap i n  1 9 6 0 ; Ca l lahan and Cas ci o 1 96 3 ; 
Ou t r am 1971 ) .  Whi l e  thi s  c o mmuni c a t i o n  i. s no t c o n c e rn e d  wi th 
the me chani s m  of s p e r ma t o p ho r e  f o rmat i o n ,  i t  was o b s e rved 
( dur i n g  s e v e ral unsu c c e s s f u l  mu l t i p l e  ma t i ng atte �1p t s ) tha t 
t he ma l e  had f a i l e d  t o  i nt r o duce a whi t e , e l a s t i c ma t e rial 
i n t o  t he d u c tu s  bu r s a  o f  the femal e . On an� th e r  o c c a s i on an 
! �p e r f e c t l y  f o rm e d  s p e r ma t op h o r e  wa s f o und cl1 la ek e d  t cl.e 
s e cr e t o ry c o n t e n t s  f o und in n o r m a l  s p e r�a t o p h o r e s . s s u  
g e s t s tha t s p e r ma t o p ho r e  f o rma t i on i n  t he o p e an c o r n  bor e r  
i s  s i � i l a r  t o  t na t  d e s c r i b e d  i n  o t he r s p e c i e s . Ob s e r va t i o n s  
hav e  r e v e  e d  the. t t L e r a n g e  o f  t i :ne f o r  c o  � ul <:1  t i o n  i s  b e -
e n  o n e  t w o  h o ur s . T h e  l e ng t h  t i m e  r e  d f o r  
th i s  p r o c e s s s u g g e s t s  tha t the r e  may b e  s e v e Y al s t e p s  i n­
v o lv e d  i n  the tr an s f e r and f o r ma t i o n  o f  th i s  s tru c tu r e  in 
t h e  f e mal e .. 
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H o l t  and No rth ( 1970 ) hav e n o t i c e d  t h e  p r e s e n c e o f  a c t ­
i v e  and inac t ive s p e rm i n  t n e  s p e rna t o p h or e a t  t �e t i ne o f  
i n s e rr:. i n a t i o n  .. Ra o and Dav i s ( 196 9 ) d i s cu s s  t h e  a c t i va t i on o f  
s p e rm a f t e r copula t i on . Analys i s  o f  t h e  s p e rma t o p ho r e  has 
r e ve al e d  t he p r e s e n c e  of a c t i ve and ina c t i v e  s p e rm bund l e s . 
N o  a t t e mp t  wa s mad e to d e t e rmin e why t he r e vrere  a c i  tve and 
ina c t i v e  s p e rm or th e f a c t o r s  invo lv e d  in s p e r� a c t i va t i on .  
The e xa c t  natu r e  o f  s p e r ma t o p hor e f ormatio n and s p e rm in­
c orp o rat i o n  in the f e mal e c o rn b o r e r  may b e  r e ve al e d  thr ough 
f u r t h e r re s e ar ch .  
I n  d i s cu s s ing t he r o l e  o f t he lamina d enta ( s i gnum ) in 
the buts a ,  No rr i s  ( 1932 ) q u o t e s  St i t z as s u g g e s t ing t ha t  the 
s i gnum was u s ed t o  rup tu r e  the wal l o f  t he s p e rma t o p ho re in 
or d e r  to f a c i l i t a t e  t he e xi t of the s p e r� .  Hewer ( 1934 )  s u g­
g e s t s that t h e  mus cl e s  o f  t he b u r s a br e ak the c o llum whe r e  i t  
j o ins t he corpus , t hu s  r e l e a s ing the s p e rm .  As has b e en men­
t i on e d , No r r i s ( 1932 ) ,  Cal lahan and Cas ci o  ( 1963 } ,  and Outram 
( 19 71 ) fe e l  tha t  the p r i mary fun ct i o n  o f  the s i gnu m  i s  to 
hol d t he c o rpu s o f  t ae s p e rma t o p ho r e  i n  the lu �e n of the bu r s a . 
The mu s c l e s  o f  t r1e bur s a  1vall f a c i l i ta t e  t n i s act ivi ty . T !:1e 
s p e r �  t h e n  e xi t  f r o �  t h e s p e r �a t o p ho r e  b y  way o f  the ap e rtu r e  
o f  t h e  c c l l u �n .  The d a ta f r D El t h i s s tud y ind i s t na t  
c o l lu m  i s  no t b r o k e n  o r  the s p e r na t o p ho r e  wa l l  rup t u r e d , 
bu t t he s p e r� l e av e  a s  d e s c r i b e d  a b o v e . Th e mu s cl e s  o f  t he 
b u r s a  a l o n g  wi th t he s i gnum s e r ve o n l y  to hold  t he s p e r m­
a t o p ho r e  i n  p l a c e . 
A nu m b e �  o f  au t h o r s  hav e no t e d t he p r e s e n c e  o f  a ho o k­
l i ke e x t e n s i on o n  the a p e r t u r e  o f  t h e  col l um thr o ugh whi c h  
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t he s p e r m pa s s  { No rris  19 3 2 ; Ca llaha n  1958 ) .  I n  Os tri n i a  n o  
s u c h  s tru c tu r e  e xi s t s . Cal l aha n ( 1958 ) an d Cal laha n a n d  Cnap i n  
( 1960 )  hav e no t e d  t he p r e s e n c e  o f  a s p e r aa t o p h o r e  cap a t  t he 
ap e r tu r e  o f  the c o llum . Thi s s tru c tu r e  mu s t  be  d i s s o lv e d b e ­
f o r e  .t he s p arm c an l e ave . One p a r t i cular s e t  o f  o b s e rva t i o n s  
o b ta i n e d  f r o �  thi s r e s e ar. c h  has ind i ca t e d t h 3  p r e s e n c e  o f  a 
g e l a t i no u s  s e c r e t i o n  in the c o l l um .  At t hi s  t i m e  i t  c a n  o nly 
be c o n j e d t ur e d  whe t h e r  thi s s e cr e t i on i s , in fa ct , the s p e rm­
a t o pho r e  c ap t ha t  has b e e n  r e c ord ed in s o me ins e cts . The fac t 
t h a t  a t i ::. e  p e r i o d  o f  ove r e i g ht hours mus t  e lap s e  b e f o r e  
s p e rm l e av e  the s p e r ma t o p ho r e , may sug g e s t  tha t  thi s s e cr e ­
t i on b l o cks .s p e r m  p a s s ag e ; a n d  tha t  s o me d e gr a d a t i v e  me chan� 
i s m  mus t  be e·:np l o y e d  to f a  l i  tate s p e r m  r e l e a s e .. It i s  
p o s s i b l e  t ha t  chemi c a l  a ge n t s  fro m  the bur s al g land help t o  
a f f e c t  t �e d i s s o lu t i o n  of the g e l a t inous mat e rial wi thin the 
c o l lum . Fu r t�ne r r e s e ar ch m i g ht r e v e al t he na tu r e  and fun c ti o n  
o f  thi s g e l a t i n o us mas s and the f a c t o r s  inv o lv e d  i n  r e l e a s 
the s p e r :n f r o �  the s p e r ma t o p ho r e . 
I t  i s  g e n e ral l y  a g r e e d  t h a t  t ae t r a n s p o r t o f  s p e rm fro� 
o n e  r e g i on of t h e  r e p r o d u c t i v e t r a c t  to an o t he r is n o t s o l e l y  
d e p e nd e n t  o n  t te s u e r na t o z o a  thems e l ve s . g e n o u s  s o u r c e s 
o f  s t i mu l i  such as che m i c a l  a g e n t s  fr om b o t h t he mal e  and 
f e ma l e  a c c e s s o r y  g l and s , f o o d  sup p l i e s ,  a n d  mu s cu l a r  c o n­
t ra c t i o n s  f r o m  t he du c t s  o f  the fe nal e r e p r o du c t ive tra c t  
are t houg ht t o  p l ay a s i gn i f i cant ro l e  i n  s p e r n  tran s po r t . 
Av�i la b l e  data fro m  thi s p r o j e c t d o e s  s u g g e s t  t ha t  s p e rm 
ar e ai d e d  in t he i r l o c omo t i o n  by t he p e r i s tal t i c  a c t ivity 
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the var i ous du c t s  in the g e n i tal tra c t .  It ha s al s o  be en o b ­
s e rve d tha t t he s p e rm are su s p end e d  in t he s e cre t i o ns f o und 
in the bur s al gland and the s p e r �a t o p hor e dur i ng the ir pas s ­
a g e  t o  t he s p e r�athe ca . �o a t t emp t  wa s mad e  t o  analy z e  the 
chemi cal o r  p hys i cal c o :np o s i t i o n  of the s e  s e cre t i o n s  and s how­
whe the r they had a p o s i t iv e  aff e ct o n  erm a c t i  ty . A 
s tu d y  d i r e c t e d  t oward e lu c i d a t ing the energy yi e l d i n g  p o­
t e nt ial of the s e s e cre t i o ns mi ght r e ve al a c o r r e la t i o n b e ­
twe e n  s p e rm a c tivi ty and the c he mi cal cont e n t  o f  the fluids 
in whi ch the y are f o und . The e ffe c t s  of temp e ratur e and 
o n  s p e rm a c tiv i ty may als o  pr o ve t o  be an i n t e r e s t ing in­
v e s t iga t i o n  co n c e rning the na ture of s p e rm mov e m e n t s  in the 
r e pr o d u c t ive s ys t e m .  
Li t e rature t o  d a t e  s u gg e s t s that s e cr e t i o n s  f r o m  bo 
the male and fe male a c ce s s o ry �lands a l s o  a c t as a s our ce 
nu tr ime nt f o r  t h e  �aint e nan c e  o f  s p e rm t he s p e r mathe ca 
be f o re the y ar e us ed  in f e rt i l i z a t io n .  The f a c t  tha t the 
a c t i ve s p e rm i n  t he s p e r�a t he c a  a r e  s u s n e nd e d  in a s e cr e n 
mi ght l e nd sun p o r t  t o  thi s hyp o t he s i s . Howe ve r ,  t hi s 
no t any r e s e ar c h  whi ch wo ul d r e ve t he s 
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n i f i can c e  of the s e cr e t i o n s  f o u nd i n  t�e s p e r2a t�e ca . 
Ca l l a ha n a n d  Ca s c i o  ( 1963 ) and o t he r s  hsve d e s cr i b e d the 
d o u b l e  s tr u c t u r e  of t h e  du c t u s  r e c e p t a cul i . A s  t he d u c t  
leave s t he c om � o n  ovi duct , i t  s e p a r a t e s i n t o  t w o  d is t in c t  
tu b e s . One s e rv e s a s  a p a s s a ge way f o r  s p e rm t r av e l i n g  t o  
s p e r ffia t he ca . T h e  s e c ond canal i s  known a s  t h e  f e r t i l i z a t i on 
c a n a l . I t  s e r ve s a s  a p a s s a g e way f o r  t r ans p o r t ing s p e r m  t o  
t �!..e e f or f e r t i l i z a t i o n  .. �1Thi l e  t he du c t  i s  n o t c o ::np l e t e ly 
d i v i d e d  i n  t he f e �al e Sp ru c e  budwo r � .  Ou t r a �  ( 1971 ) s u g g e s t s 
th& t t he d e e p  i nv a g i na t i o ns of t he lum e n  s e r ve the s ame 
fu n c t i o n as d e s c r i b e d b y  Ca llahan and Ca s c i o  ( 1963 ) i n  tne 
C o r n  e ar w o rm . T h e  d a t a  t ha t  a r e  ava i la b l e  f r om t h i s  d tu d y  d o  
n o t i n d i c a t e  t h e  p r e s en c e  o f  a f e r t i l i z a t i o n  cana l . Fur t h e r  
r e s e ar c h d i r e c t e d  t o 1·1ar d e lu c i d a t i ng the n at u r e  o f  t he s p e rm­
a t he c a l  du c t  may r e v e a l  the e xa c t  func t i o n  o f  t h i s r e g i o n o f  
the r e p r o d u c t i v e  tra c t . Wni l e e g g s  w e r e  s e e n i n  t he commo n 
o v i d u c t  f r o m  two hours t o  o v e r  n in e  h o u r s  t er t r1e te r:cn-
i na t i o n  of c o p u l a t i o n ,  s p e r m  we r e  n o t  o b s e rv e d  in t he p r o ce s s  
o f  b e ing r e l e a s e d  f r o m t he s p e r ma t he ca . I t  was n o t  p o s s i bl e 
t o  d e t e rm i ne whe t h e r s o me e g g s  w e r e  f e r t i l i z e d a s  t ne s p e rm 
p a s s e d  thr o ugh t he c o m ffio n o v i d u c t  i n t o  t he s p e rma t h e cal du c t .  
As wa s p o i nt e d  o u t  a b o v e , t he s p e  ca i s  a two 
r e d  o r gan ; but unl i k e  t ha t  d e s c r i b e d  b y  Ca l l a ha n  and 
Ca s o ( 1 9 6 3 ) ,  i t  no t c o m s l e t e l y  d i v i d e d .  Fur t h g r  r e s e ar ch 
m a y  o o s s i  h e l p  t o  e lu c i d a t e  t 2e na ture t �e s e c r e t i o ns 
f r o  a c c e s s o  t t eir i s e s  o t ne cu lu s . 
�·la S o b s e rv e d  t the s n e rm a r a o r  u t r i  
a n  o e s  ma. s s .  r o ne cha � b er s t o r e s  t he s 
t he o t he r  s tor e s  s e cre t i o ns wa s no t d e  
a r e sul t s  a d i s cu s s i o n ,  i t  can con-
t t he s o f  s p e r n  t �e re-
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that ch i s  s d f o r  l e p i d o p t e ran s e c i e s . As 
s p e r x ave the e r tu r e  of t he c o l l uo ar e d 
al o ng s e cr e t i ons ( whi ch they ar e sus p 
s e  c t , whi fr om 
c o m6 o n o v i du c t . s tal t i c  c o n  s 
c Jm�o n o v i du a i d  s p e rm 
a t he du c t . re are t 
ulus . range me for t he s s 
s rma t o pho r e  t o  s p e r ma the ca i s  be twe en 
t he on o f  c opul a t i o n .  
e o f  s e cre t i o n s  from 
a nd s p e r�athe cal gland have n o t  
The i cal 
in the du cts the r e p r o duct ive 
a i o n ,  l o c o m o t n ,  and ty were 
no t c ons i e d  in s s 
o rma t i o n  t ha t  ha s e n  o s 
j e c t d e s  a i s  f o r  r ar ea 
i ol o  o f  s p e rm tran s p o  i n  t c o rn 
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